.is UK Patent Application „ 9 ,GB ,,,,2 317 475 „„A 



(43) Date of Printing by UK Office 25.03.1998 



(21) 


Application No 9725283.7 


(51) 


INTCL S 








G06F 5/06 


(22) 


Date of Filing 30.05.1996 










(52) 


UK CL (Edition P > 


(30} 


Priority Data 




G4A AMT1 




(31) 9510932 (32) 31.05.1995 (33) GB 










(56) 


Documents Cited by ISA 


(86) 


International Application Data 




Computer Design Vol. 32, No. 6, 1 June 1993, pages 




PCT/EP96/02336 En 30.05.1996 




34-36. 


(87) 


International Publication Data 


(58) 


Field of Search by ISA 




W096/38778 En 05.12.1996 




INT CL 6 G06F 


(71) 


Applicant(s) 


(74) 


Agent and/or Address for Service 




3Com Ireland 




A A Thornton & Co 








Northumberland House, 303-306 High Holborn, 




(Incorporated in the Cayman Islands) 




LONDON, WC1V 7LE, United Kingdom 



PO Box 309, Upland House, Georgetown, 
Grand Cayman, Cayman Islands 



(72) Inventor(s) 

Eugene O'Neill 
Anne O'Connell 



(54) Adjustable frfo-based memory scheme 

(57) A targe FIFO memory device has its total available memory capacity partitioned into memory sections. 
The partitions are in the form of programmable delimiters in order to determine flexibly the size of the 
memory sections. 



Tx 


44k 






Rx 


88k 


Tx 


36k 


Rx 


24 k 


Tx 


32k 


Rx 


32k 



>■ 132 kbytes 



60 kbytes 

64 k bytes 
0 bytes 



CD 
GO 

CJ1 



THIS PAGE BLANK iuspto) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
G06F 5/06 



Al 



(11) International Publication Number: WO 96/38778 

(43) International Publication Date: 5 December 1996 (05.12.96) 



(21) International Application Number: PCT/EP96/02336 

(22) International Filing Date: 30 May 1996 (30.05.96) 



(30) Priority Data: 

9510932.8 



31 May 1995 (31.05.95) 



GB 



(71) Applicant (for all designated States except US): 3COM IRE- 

LAND [-/-]; Upland House, P.O. Box 309, Georgetown. 
Grand Cayman (KY). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): O'NEILL, Eugene [IE/IE]; 
18 Stillgom Heath, Upper Kilmacud Road, Co. Dublin (IE). 
O'CONNELL, Anne [IE/IE]; 3 Wood berry, Carpenters town 
Road, Castleknock, Dublin 15 (IE). 

(74) Agent: CRAWFORD, Andrew, Birkby; A. A. Thornton & Co., 
Northumberland House, 303-306 High Hoi born. London 
WC1V 7LE (GB). 



(81) Designated States: AU, CA, GB, JP, KR t US, European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Tide: ADJUSTABLE FIFO-BASED MEMORY SCHEME 
(57) Abstract 

A large FIFO memory device has its total available memory capacity 
partitioned into memory sections. The partitions are in the form of 
programmable delimiters in order to determine flexibly the size of the 
memory sections. 



Tx 


44k 


Rx 


88k 


Tx 


36k 


Rx 


24k 


Tx 


32k 


Rx 


32k 



> 132 kbytes 



60 kbytes 

64 k bytes 
0 bytes 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


Bj 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cdte d'lvoire 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


E$ 


Spain 


MG 


Madagascar 


UG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


uz 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 96/38778 



PCT/EP96/02336 



1 

ADJUSTABLE FIFO-BASED MEMORY SCHEME 

The present invention relates to first in first out (FIFO) memory 
devices and more particularly to a method and apparatus for altering the 
boundaries of sections of a memory device whereby data is stored in a FIFO 
structure. 

One use of the FIFO memory devices is in the field of computer 
networks where each port of the network has associated with it a section of 
memory. Customarily, the amount of memory associated with each port is fixed 
and the total amount is also shared in a fixed relationship between transmission 
and reception. 

This can result in large amounts of memory being required which is 
inefficient and leads to undue expense. 

The present invention proposes to provide programmable delimiters for 
a FIFO based memory device in order to determine flexibly the total amount of 
memory allocated to a port as well as the amount of memory allocated for 
transmission separately from the amount of memory allocated for reception at that 
port. 

In order that the present invention be more readily understood, an 
embodiment thereof will now be described by way of example with reference to 
the accompanying drawing, in which > 

Fig. 1 shows diagrammatically a conventional FIFO memory 
arrangement; 

Fig. 2 shows diagrammatically a FIFO memory arrangement according 
to the present invention; and 

Figs. 3a and 3b are diagrams to explain the operation of a FIFO 
according to the present invention. 

A first in first out memory device is a well known memory arrangement 
which operates in the manner one would expect given its description. Data is 
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written into the memory in a particular order and is read from the memory in the 
same order as it was written. In conventional network arrangements, each port is 
allocated a fixed amount of FIFO memory e.g. 64K bytes with in this example 32k 
bytes allocated for transmission and 32k bytes allocated to reception. As is 
apparent from Fig. 1 of the accompanying drawing, the memory associated with 
more than one port is provided in a single memory device. In the drawing, 
memory associated with 4 ports is shown. 

The present invention proposes to adjust the position of the boundaries 
between the sections of memory. This is achieved by altering the address of the 
delimiters representing the beginning and end of each section of memory. By 
altering the delimiter addresses, one can vary the size of memory associated with 
each port as well as the relative sizes of the transmission and reception portions 
of memory associated with each* port. 

Fig. 2 shows diagrammatically how a FIFO memory could be 
partitioned according to the present invention. Here one assumes that there are 
four ports as before and that the total available memory is unaltered at 256K bytes. 
These numbers were chosen at random for the sake of example only. 

It will be noted that port 4 according to this example has not been 
allocated any memory at all i.e. it is an unused port. Port 3 has been allocated 
64K bytes divided equally between transmission and reception while port 2 has 
been allocated 60K bytes with more memory being allocated for transmissions 
than for receptions. Port 1 is allocated all the remaining memory with more 
allocated for reception than transmission. With this additional memory allocation, 
port 1 could, for example be used as an ethernet port with 100 MHz bandwidth 
while the other ports are normal 10 MHz ports. 

The amount of memory associated with each port and the relative 
amounts of transmission and reception memory can be determined beforehand on 
the basis of likely traffic flows and then fixed. Alternatively, one can monitor the 
traffic associated with each of the ports and on the basis of actual traffic flows 
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adaptively adjust the positions of the delimiters, depending on the actual statistics 
of the transfer through the system. 

In more detail, it will be understood that the size i.e. the number of bits 
in the words used for the delimiters is conditioned upon the maximum size of the 
5 memory as well as the size of the units of memory. For example, the delimiter 
could be used to allocate memory in blocks of 8K bytes so that with a total 
memory capability of 256K bytes a word of length 6 bits would be required for the 
pointer, whereas if the blocks were of 2K bytes then 8 bits would be required, or 
for full granularity blocks of 1 byte will require 18 bits. 

10 Referring now to Figs. 3a and 3b these are diagrams which will be used 

to describe the operation of the present invention. A FIFO 30 has an area of 
memory 3 1 defined by a bottom delimiter A and a top delimiter B, it being 
assumed that data enters at the top. As data is stored in the FIFO, a top pointer 
rises through the memory and as data is read from the memory a bottom pointer 

15 also rises through the memory. The positions of the pointers at one point in time 
are shown in Fig. 3 a. Eventually, the top pointer will reach the top delimiter B. 
If the memory is not full i.e. if data is being read out, the bottom pointer will have 
risen off the bottom delimiter A and so the top pointer will now start again at the 
bottom delimiter A and rise through the memory in a circulating fashion as will 

20 the bottom pointer. This situation is represented in Fig. 3b which represents the 
pointers at another point in time. 

If we now consider the effect of altering the delimiters A and/or B in 
order to alter the size of the memory 3 1, it will be understood that some control 
of the delimiter alteration is required. When a new delimiter is introduced it is 

25 possible in some circumstances to delete any data in the memory 3 1 and introduce 
the new delimiter. However, it is preferable to alter delimiters only when it is safe 
to do so or in a maimer that no data is lost. 

One way of controlling the alteration of delimiters is to monitor the 
relative position of the top and bottom pointers and only alter the top delimiter B 
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when the top pointer is above the bottom pointer. The bottom delimiter can be 
altered as long as the bottom pointer is not at either the old or new bottom 
delimiter. 

It will be appreciated that this process will allow very efficient use of 
5 the available memory which will save the amount of memory required as well as 
possibly allowing adaptive alteration of memory in existing networks to the 
existing traffic on the network. 
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CLAIMS : 

1. A method for partitioning a finite memory 
into a plurality of sections, in each of which a 
separate FIFO queue operates, the method comprising 
moving partitions defining the sections so as to 
allocate amounts of the finite memory to each of said 
sections in accordance with the memory usage in each of 
said sections . 

2. A method according to claim 1, in which 

a partition between two sections is moveable 
only when the memory immediately either side of the 
partition is not being used in a FIFO queue, and said 
partition is not permitted to pass a top or bottom 
pointer of a FIFO queue. 

3. a method according to either of claims 1 or 2, 
for use in a switch attached to a computer network. 

4. Apparatus for operating a plurality of FIFO 
queues compr is ing , 

a finite memory means arranged to be 
partitioned into a plurality of sections, each 
containing one of said FIFO queues, 

means for moving partitions defining said 
sections so as to allocate amounts of the finite memory 
means to each of said sections in accordance with the 
memory usage in each of said sections* 

5. Apparatus according to claim 4, wherein said 
means for moving said partitions only allows movement of 
one of said partitions when the memory immediately 
either side of the partition is not being used in a FIFO 
queue, and does not allow movement of the partitions 
beyond a top or bottom pointer of a FIFO queue. 



WO 96/38778 



PCT/EP96/02336 



- 6 - 

6. Apparatus according to claim 4 or 5, wherein 
said apparatus is for use in a switch attached to a 
computer network . 

7. Apparatus for operating a plurality of FIFO 
queues, substantially as described herein with reference 
to the accompanying drawings , 
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